smooth muscle to tyramine,4' 5 and potentiates the action of norepinephrine.4 6, The decreased response to tyramine probably results from depletion, since the action of this sympathomimetic amine appears to be mediated through the release of norepinephrine. [4] [5] [6] The cause of hypersensitivity to exogenous norepinephrine after reserpine is not known. 7 8 It seemed important to determine if the two phenomena, namely, the subsensitivity to tyramine and the hypersensitivity to norepinephrine, occur in men receiving small doses of reserpine orally. Such findings would have important clinical implications.9
Methods

Materials
Seven healthy young medical students served as subjects. They were studied while lying in the supine position, lightly clothed and covered with a sheet. The left forearm was placed in a water plethysmograph. The technic for enclosing the limb has been described previously.10 Room temperature was 82 to 84 F. and water temperature in the plethysmograph was 89 F. The water level in the instrument was adjusted so that water pressure on the arm was slightly higher than venous pressure. This reduced transmural venous pressure to a constant low value, so that the veins could be distended freely when venous congestion was produced by suddenly inflating a pneumatic cuff around the arm proximal to the plethysmograph. The minimal venous occlusion pressure needed to produce the maximal rate of increase in arm vol- Reserpine reduced resting blood pressure and heart rate significantly; it did not alter forearm vascular resistance (tables 1 and 2).
Effect of Tyramine
During control sessions tyramine increased mean blood pressure and forearm vascular resistance and reduced heart rate significantly.
After reserpine, the effect of tyramine on blood pressure was greatly reduced (table 1) , and its effects on resistance and heart rate were not significant (table 2) . Th-e changes in forearm blood flow were variable both before and after reserpine.
Effect of Norepinephrine
The absolute levels of blood pressure attained with the infusions of norepinephrine after reserpine were the same or lower than those observed during control sessions (table  1) . Ascending doses of norepinephrine caused progressive increments in mean blood pressure and forearm vascular resistance with progressive decrements in blood flow and heart rate during control sessions (table 2) . After reserpine the responses to norepinephrine were not altered significantly (table 2) .
Discussion
The results indicate that the oral administration of small doses of reserpine to normo- Tyramine acts by releasing norepinephrine from tissues.4 13, 14 The decreased response to tyramine provides indirect evidence for depletion of endogenous catecholamines in man. Reduction in neurotransmitter substance could impair cardiovascular reflexes in the presence of increased demands on the circulation.'0 In animals, depletion of norepinephrine decreases the effects of tyramine and other sympathomimetic amines, such as methamphetamine, ephedrine, and mephentermine, which act indirectly by releasing endogenous catecholamines.6 13 15, 16 The results suggest that in man also the pressor amines which act Circulation, Volumiie XXIX, February 1964 as tyramine may be ineffective after treatment with reserpine.
The hypersensitivity to norepinephrine after reserpine is a complex phenomenon which is poorly understood and not observed consistently in animals. Burn ABBOUD, ECKSTEIN nephrine have been reported as increased,4' t 17 unchanged,18 or decreased19 after treatment with reserpine.
In the experiments reported here the pressor, forearm vasoconstrictor and bradycrotic actions of norepinephrine were not augmented significantly even though the responses to tyramine were suppressed. A suggestive trend toward a greater pressor and forearm vasoconstrictor response to norepinephrine after reserpine may be noted from data in table 2 in which the two control sessions (I and III) were compared with session II. The reason for this is that the pressor and vasoconstrictor effects of norepinephrine in session II wvere slightly greater than in session I, but equal to or slightly less than those in session III ( caused approximately one half of the pressor response seen after tyramine and yet the vasoconstrictor and bradycrotic actions of this dose of norepinephrine were similar to those of tyramine (table 1) . These results indicate that, in equipressor doses, norepinephrine produces greater vasoconstriction, greater reduction in forearm blood flow. and more reflex bradyeardia than tyramine.
Summary
Experiments were done to see if reserpine, in small oral doses, alters the responses to tyramine and norepinephrine in man. Each of seven normotensive subjects wvas studied on three occasions. The first and third sessions served as pre-and post-treatment control sessions; the second session was held after oral administration of reserpine (0.25 to 1 mng. per day) for 2 weeks. Blood pressure was measured wvith a sphvgmomanometer, and forearm blood flow was measured with a water plethysmograph. Reserpine reduced resting blood pressure anid heart rate but forearm blood (zrdaStzor. l'olume XXIX, Febru/(r) 1964 922') RESPONSE OF TYRAMINE AND NOREPINEPHRINE flow did not change. The pressor, forearm vasoconstrictor, and bradycrotic actions of intravenous tyramine were suppressed by reserpine, but the pressor, vasoconstrictor, and bradycrotic actions of three intravenous doses of norepinephrine were not augmented significantly. The results indicate that oral administration of small doses of reserpine may cause depletion of endogenous catecholamines in man as suggested by the suppressed response to tyramine. The decreased response to tyramine was not accompanied by hypersensitivity to exogenous norepinephrine. In equipressor doses norepinephrine produced greater forearm vasoconstriction and more reflex bradyeardia than did tyramine.
